Menopausal hormone therapy (HT) continues to have a clinical role in symptom management, but identifying women for whom benefits will outweigh the risks remains a challenge. Although hormone therapy (HT) is the most effective strategy for ameliorating vasomotor and other symptoms, randomized clinical trials show an unfavorable balance of benefits and risks for many women. However, closer examination of data from these trials suggests that it may be possible to classify women as better or worse candidates for HT by using individual risk stratification.
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Vasomotor symptoms are a prominent feature of the menopause transition, affecting more than 70% of women and disturbing sleep and diminishing quality of life in 15%-20% (1) (2) (3) . Menopausal hormone therapy (HT) 2 is by far the most effective treatment for such symptoms, but its use has sharply declined in recent years (4 ) in response to results from randomized clinical trials showing an unfavorable balance of benefits and risks for many patients (2, 3 ) . However, a closer look at data from these trials suggests that it may be possible to identify women for whom HT remains an appropriate option (i.e., those more likely to experience a favorable balance of benefits and risks) by the use of individual risk stratification. It may also be possible to use this information to optimize the choice of type of HT (delivery route, dose, and formulation) for an individual patient. The concept of personalized medicine, that each person has a unique physiology that can guide treatment selection, is highly relevant for clinical decision-making regarding HT and offers promise for improved treatment efficacy and safety.
This review, which adapts and expands an earlier review (5 ) , summarizes recent findings from 2 landmark randomized clinical trials in the US-the Women's Health Initiative (WHI) and the Heart and Estrogen/progestin Replacement Study (HERS)-on the role of clinical characteristics, serum/plasma biomarkers, gene markers, and gene-environment interactions in helping to identify good vs poor candidates for HT use with respect to cardiovascular disease (CVD) outcomes. The ultimate aim of such research is to develop a personalized benefit-risk prediction model for systemic HT use to treat moderate-to-severe vasomotor symptoms or prevent osteoporosis in postmenopausal women at high fracture risk who cannot tolerate alternative therapies, the only 2 indications for which systemic HT use is currently warranted (1 ) . HT should be prescribed only for patients with a preference for such therapy.
Overview of the WHI and HERS Trials
The WHI HT trials included more than 27 000 healthy postmenopausal women aged 50 -79 (mean age, 63). In the estrogen-progestin trial, 16 608 women with an intact uterus were assigned to oral estrogen plus progestin [0.625 mg of conjugated equine estrogens (CEE) plus 2.5 mg of medroxyprogesterone acetate (MPA)] or a placebo daily (6 ) . In the estrogen-alone trial, 10 739 women with hysterectomy (40% also had oophorectomy) were assigned to oral estrogen alone (0.625 mg CEE) or a placebo daily (7 ) . The sample sizes were chosen to have adequate power to detect an effect of HT on CHD, the primary outcome of interest, and to assess the balance of benefits and risks over the trials' planned duration of 9 years. Blood samples were collected at baseline and at the 1-year visit. The estrogenprogestin trial was halted after a mean of 5.6 years of treatment, because of a significant increase in breast cancer risk and an unfavorable balance of benefits and risks associated with estrogen-progestin therapy in the study population as a whole (6 ) . The estrogen-alone trial was halted after 7.1 years because of an excess risk for stroke that was not offset by a reduced risk for CHD in the treatment group (7 ). Although estrogen with or without progestin lowered the risk for osteoporotic fracture, it offered no other clear benefit in terms of reducing risk for chronic disease. After the trials were stopped, the participants were followed observationally to determine whether, and how rapidly, risks and benefits decline after discontinuation of HT use.
As shown in Table 1 , women assigned to 5.6 years of estrogen-progestin therapy were 18% more likely to develop CHD [defined in primary analyses as nonfatal myocardial infarction (MI) or coronary death] than those assigned to placebo, although this risk increase was not statistically significant (8 ) . However, during the first year of the trial, there was a significant 80% increase in risk, which diminished in subsequent years (P for trend by time ϭ 0.03) (8 ) . Women assigned to 7.1 years of estrogen alone experienced neither an increase nor decrease in risk for CHD (8 ) . This pattern of results was similar for the outcome of total MI (8 ) . Women assigned to estrogen-progestin or estrogen alone were about 35% more likely to suffer a stroke than those assigned to placebo (8 ) . An increase in risk was found only for ischemic stroke but not hemorrhagic stroke. Assignment to estrogen-progestin was associated with a nearly 2-fold increase in risk for pulmonary embolism and deep vein thrombosis, and assignment to estrogen alone led to a 35%-50% increase in these risks (8 ) . Cardiovascular risks associated with active use of HT largely decreased after discontinuation of therapy, although some remained increased when considering the entire length of the study (5.6 years of treatment plus 6.8 years of postintervention follow-up) (8 ) .
In the 4.1-year HERS, conducted among 2763 women with preexisting CHD (age range 55-80 years; mean age, 67 years), the incidence of major coronary events was similar in the HT (0.625 mg of oral CEE plus 2.5 mg of MPA daily) and placebo groups (9 ) . Participants assigned to estrogen-progestin had a 50% increase in their risk for CHD events during the first year of the trial. This early increase was offset by a decreased risk later in the trial, leading to null results overall (9, 10 ) . Assignment to estrogen-progestin was not associated with risk for stroke (9, 10 ) but was associated with significantly increased risk for venous thromboembolism (VTE); the relative risk (RR) was 2.7 Huang et al. (24 ) , and others.] When factors have been examined as potential effect modifiers in multiple reports from the same study (e.g., age and time since menopause in the WHI), we focus on those reports that included the largest number of confirmed endpoints; used a uniform coding scheme for statistical modeling of the factor of interest; and in the case of WHI, combined data from the estrogen-progestin and estrogen-alone trials to increase power. However, the results of various within-study reports regarding specific interactions were generally congruent.
Several characteristics that modify risk for CVD events in women while on HT have been identified. As reviewed below, optimal candidates for HT use include women with younger age (Ͻ60 years), recent onset of menopause (within 10 years), favorable lipid profile (LDL cholesterol Ͻ130 mg/dL or LDL/HDL cholesterol ratio Ͻ2.5), absence of metabolic syndrome, and absence of factor V Leiden genotype. In addition, recent evidence suggests that women at high risk for VTE should either avoid systemic HT or choose a transdermal rather than oral delivery route.
AGE AND TIME SINCE MENOPAUSE ONSET
WHI analyses suggest that age or time since menopause onset affects the relation between HT and CHD ( Table 2) . Although there was no association between estrogenonly therapy and CHD in the overall study population, such therapy was associated with a borderline significant 40% reduction in CHD among women age 50 -59 years, whereas there was no risk reduction or even a slight increase in older age groups (P for trend by age ϭ 0.08) (8 ) . For total MI, estrogen alone was associated with a 45% reduction and a nonsignificant 24% increase in risk among the youngest and oldest women, respectively (P for trend by age ϭ 0.02), and this pattern of results persisted during the cumulative 13-year follow-up period (including 6.6 years of postintervention observation). Estrogen was also associated with lower levels of coronary artery calcified plaque in the youngest age group (25 ) . Although age did not have a similar effect in the estrogen-progestin trial, HTassociated CHD risks increased with years since menopause (P, trend ϭ 0.08), with a significant 52% increase in risk among women who were Ն20 years past menopause. For total MI, estrogen-progestin was associated with a nonsignificant 9% risk reduction among women Ͻ10 years past menopause but was associated with a 16% increase in risk among women 10 -19 years past menopause and a 2-fold increase in risk among women Ն20 years past menopause (P, trend ϭ 0.01). Interestingly, the increased coronary risk with HT use at older ages or many years past menopause was particularly prominent among women with vasomotor symptoms (15 ) . Vasomotor symptoms did not predict an adverse coronary outcome on HT in younger or recently menopausal women, however. In HERS, with its predominantly older study population, the adverse coronary impact of HT was also pronounced in those with vasomotor symptoms (24 ) . Given that vasomotor symptom alleviation is the primary indication for HT, this finding strongly bolsters current clinical recommendations against initiating HT use in older women and suggests caution for longterm continuation of treatment. The apparent 3-way interaction between age, vasomotor symptoms, and HT on risk for CHD illustrates the potential importance of higher-order interactions in more finely pinpointing the benefit-risk balance among women with certain clinical or biomarker profiles, but such analyses remain limited by power considerations.
Because younger women and those closer to menopause are likely to have healthier arteries than their counterparts who are older or further past menopause, the WHI findings suggest that the net coronary effect of HT may vary according to the initial health of the vasculature. The findings also spurred reanalyses of existing data. For example, investigators in the Nurses' Health Study, one of the largest and longest-running prospective observational studies in the US, first reported that current use of HT was associated with an approximately 40% reduction in CHD risk in the overall cohort (26 ) . On reexamination of the data, they found that the coronary benefit was largely limited to women who started HT within 4 years of menopause onset (27 ) . A metaanalysis that pooled data from 21 smaller randomized trials with data from WHI and HERS found that HT was associated with a 30%-40% reduction in CHD risk in trials that enrolled predominantly younger participants (those aged Ͻ60 or Յ10 years from menopause onset) but not in trials with predominantly older participants (28 ) . Recently reported results from other clinical trials are also relevant. The UK-based Women's International Study of long Duration Oestrogen after Menopause (WISDOM), which had planned to randomize 22 000 healthy postmenopausal women aged 50 -69 to 10 years of HT (CEE with or without MPA) or placebo, was halted upon publication of the initial WHI results. Analyses of the available data-5692 participants with a mean age of 63 years were treated for 1 year with HT or placebo-showed an increase in the number of CHD events in the HT (estrogen-progestin, n ϭ 7; estrogen alone, n ϭ 4) vs placebo (n ϭ 0) groups (P value for estrogen-progestin vs placebo comparison ϭ 0.016) (29 ) . It is notable that all but 2 of the 11 CHD events occurred in women who were aged Ͼ64 years at trial entry and had at least 1 coronary risk factor. On the other hand, in a 10-year open-label trial in Denmark among 1000 healthy re- We did not perform an updated metaanalysis to summarize results across the various trials due to the substantial differences in the clinical characteristics of women in these trials and differences in trial methodology. Although the WHI (primary prevention) and HERS (secondary prevention) are by far the 2 largest completed randomized trials of HT in relation to CHD outcomes and combining them could increase statistical power to examine interactions, such a metaanalysis would not achieve the goal of identifying factors that may assist in cardiovascular risk stratification among women now considered appropriate candidates for HT. To combine data from the 2 trials would not be advisable, as it is already clear that women with preexisting heart disease-the population studied in HERS-are not appropriate candidates for HT. In addition, smaller and/or shorter-term trials designed to look at outcomes other than CHD-as well as the prematurely terminated WISDOM trial for primary prevention of CHD (29 )-do not have an appreciable number of clinical cardiovascular events, so their results would be dwarfed by the WHI results in a metaanalysis.
Findings of nonhuman primate experiments are also informative. Conjugated estrogens with or without MPA had no effect on coronary artery plaque in cynomolgus monkeys started on this treatment at 2 years (approximately 6 human years) after oophorectomy and well after the establishment of atherosclerosis, whereas such therapy reduced the extent of plaque by 70% when initiated immediately after oophorectomy, during the early stages of atherosclerosis (31 ) . Similarly, human imaging trials in women with significant coronary lesions at baseline have not found estrogen to be effective in slowing the rate of arterial narrowing (32) (33) (34) (35) , whereas an imaging trial in which the presence of significant lesions was not a criterion for study entry found that micronized 17␤-estradiol significantly slowed the progression of carotid atherosclerosis (36 ) . However, the recently completed Kronos Early Estrogen Prevention Study (KEEPS), a 4-year randomized trial among 729 healthy recently menopausal women with a mean age of 53 years, failed to find that low-dose oral CEE (0.45 mg/day) or transdermal estradiol (50 g/day by weekly patch), administered in combination with oral micronized progesterone (200 mg/day for 12 days/month), prevented progression of carotid intimal medial thickness, although it did find a nonsignificant reduction in accrual of coronary calcium (37, 38 ) . Results from a randomized trial testing whether effects of estradiol on the development and progression of atherosclerosis vary according to age at HT initiation are expected in 2014 (39 ) .
In contrast to the findings for CHD, analyses from the WHI do not suggest that age or time since menopause onset influence the risk for HT-induced stroke or VTE (8, 40 ) (Table 2 ). However, because younger women have lower absolute risks of CHD, stroke, and VTE than do older women, they also have much lower absolute excess risks associated with HT use.
CARDIOMETABOLIC RISK FACTORS AND OTHER CLINICAL

CHARACTERISTICS
In the WHI, hypertension, diabetes, smoking status, body mass index, aspirin use, and baseline risk for CHD (as assessed by the number of CHD risk factors, for the outcome of CHD) or stroke (Framingham Stroke Score, for the outcome of stroke) did not significantly affect the relation between either estrogenprogestin or estrogen alone and incident CHD (13, 14 ) or stroke (17, 18 ) . This was also largely true for statin use (but see discussion in the next section). A history of CVD at study entry also did not appear to be a significant effect modifier (Ͻ5% of WHI participants had prior CVD).
In the WHI estrogen-progestin trial, obesity was a strong risk factor for VTE but did not significantly modify the effect of HT on VTE risk (20 ) . Other variables (e.g., smoking, aspirin use, and history of CVD before enrollment) did not modify the effect of HT on risk for VTE (20 ) . However, in HERS, aspirin use appeared to attenuate risk for VTE associated with estrogenprogestin; in an analysis of the active treatment plus postintervention follow-up periods, HT-associated RR in aspirin users and nonusers were 1.68 (0.96 -2.92) and 4.23 (1.41-12.7), respectively (P, interaction ϭ 0.14) (12 ) . (It should be noted that differences in findings between the WHI and HERS could be a result of differences in the study populations or could be a result of chance; they are the only 2 trials that are large enough for a meaningful examination of interactions.) In the WHI estrogen-alone trial, body mass index and other variables did not significantly modify the effect of HT on risk for VTE. Although later age at menopause onset was a risk factor for VTE in both WHI (40 ) and HERS (11 ), reproductive and menopause-related variables did not appear to modify the effect of HT on VTE in either trial.
SERUM/PLASMA BIOMARKERS
To identify biomarkers that may modify the impact of HT on CHD or ischemic stroke, WHI investigators performed parallel nested case-control studies of these outcomes. The studies included all adjudicated cases of CHD (n ϭ 359) (16, (41) (42) (43) (44) or ischemic stroke (n ϭ 205) (19, 45 ) that occurred within the first 4 years of follow-up of the estrogen-progestin and estrogenalone trials. (A similar study of VTE is in progress.) Unless noted, the results summarized here pertain to the combined analysis of the estrogen-progestin and estrogen-only trials. Women without vascular risk factors generally fared better than women with such factors with respect to HT-associated risk for CHD, but a similar pattern was not found for stroke.
CHD. As expected, baseline lipids (high LDL cholesterol, low HDL cholesterol, high total cholesterol, high triglycerides) predicted an increased risk for CHD events. In addition, a more favorable lipid profile was associated with better coronary outcomes on HT (Table 3). Among women with a lower LDL/HDL cholesterol ratio (Ͻ2.5), estrogen with or without progestin led to a 40% lower risk for incident CHD [RR, 0.60 (0.34 -1.06)], whereas among women with a higher baseline ratio (Ն2.5), such therapy resulted in a 73% higher risk [RR, 1.73 (1.18 -2.53)] (P, interaction ϭ 0.02) (41 ) . Similarly, among women who entered the trial with a lower LDL cholesterol concentration (Ͻ130 mg/dL or 3.36 mmol/L), estrogen with or without progestin led to a nonsignificantly lower risk for incident CHD [RR, 0.66 (0.34 -1.27)], whereas among participants with a higher baseline cholesterol (Ն130 mg/dL), such therapy resulted in a 46% higher risk [RR, 1.46 (1.02-2.10)] (P value for interaction ϭ 0.03) (41 ) . The results were similar when users of statins and other cholesterol-lowering drugs were excluded from the analysis (41 ) .
Statins may attenuate the coronary risk associated with estrogen-progestin. In the WHI estrogenprogestin trial, the HT-associated RRs of CHD among statin users and nonusers were 0.99 and a statistically significant 1.27, respectively, but the P value for the interaction was nonsignificant (0.44) (13 ) . In HERS, the strong adverse effect of HT on CHD seen during the first year of the trial was less pronounced among baseline statin users [RR, 1.34 (0.63-2.86)] than among nonusers [RR, 1.75 (1.02-3.03)] (P for interaction not reported) (23 ) .
The presence or absence of the metabolic syndrome-defined as having Ն3 of the following: waist size Ͼ88 cm; systolic blood pressure Ͼ130 mm/Hg or diastolic blood pressure Ͼ85 mmHg; fasting glucose Ͼ100 mg/dL (Ͼ5.55 mmol/L); HDL cholesterol Ͻ50 mg/dL (Ͻ1.29 mmol/L); triglycerides Ͼ150 mg/dL(Ͼ1.69 mmol/L) -strongly influenced the relation between HT and incident CHD. The effect modification was most pronounced in participants without CVD, hypertension, or diabetes at baseline. In these individuals, the presence of the metabolic syndrome more than doubled the HT-associated CHD risk [odds ratio (OR), 2.26 (1.26 -4.07)], whereas no association between HT and CHD risk was observed among those without the syndrome [OR, 0.97 (0.58 -1.36)] (P, interaction ϭ 0.03) (42 ) . Although there was a suggestive interaction for waist size [waist Ͼ88 cm, OR ϭ 1.93 (1.08 -3.44); waist Յ88 cm, OR ϭ 1.03 (0.62-1.70); P, interaction ϭ 0.12], the individual components of the syndrome did not significantly influence the HT-CHD association. This finding suggests that higher-order interactions between risk markers may be important for individualized risk prediction.
Of 86 baseline characteristics examined as potential modifiers of the effect of estrogen-progestin on risk for recurrent CHD events in HERS, only lipoprotein(a) [Lp(a)] (a main-effects predictor of CHD in both HERS and the WHI estrogen-progestin trial) was found to significantly influence HT-associated coronary risk over the entire 4-year randomized treatment period (22 waist size Ͼ88 cm (Ͼ80 cm for Asians and Native Americans); systolic blood pressure Ͼ130 mm/Hg or diastolic blood pressure Ͼ85 mmHg; fasting glucose Ͼ100 mg/dL; HDL cholesterol Ͻ50 mg/dL; triglycerides Ͼ150 mg/dL. d The reported ORs are among participants without CVD, hypertension, or diabetes at baseline.
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(0.92-1.70)] (P, interaction ϭ 0.04). In the initial report on CHD outcomes in the WHI estrogen-progestin trial, a similar pattern was seen, although the findings did not approach statistical significance. For Lp(a) Ͻ12, 12-31, and Ͼ31 mg/dL, HT-associated ORs for CHD were 1.87, 1.54, and 0.93, respectively (P, interaction ϭ 0.44) (13 ) . Although the direction of the effect modification contradicts the hypothesis that HT is more benign for women with a more favorable coronary risk profile at baseline, the results fit with the finding that HT significantly reduced Lp(a) concentrations in HERS (46 ) . A detailed analysis of the interrelationship between Lp(a), HT, and CHD in the WHI is in process.
In the WHI, the cholesterol derivative 27-hydroxycholesterol, which acts as an estrogen receptor antagonist, did not independently predict CHD risk, affect the HT-CHD association, or mediate the observed interaction of LDL cholesterol and HT on CHD risk described earlier (44 ) .
In addition to lipids, the WHI found that several biomarkers related to inflammation, thrombosis, and other processes were associated with increased CHD risk after adjustment for traditional risk factors and randomized assignment to HT. These included higher concentrations of the inflammatory markers interleukin-6 (IL-6), matrix metalloproteinase-9 (MMP-9), and leukocyte count; the thrombotic markers D-dimer, factor VIII, and von Willebrand factor; homocysteine; and fasting insulin (16 ) . Although most of these biomarkers did not significantly aid in identifying women more or less likely to experience a CHD event while taking HT, there was a significant interaction for factor VIII (P ϭ 0.04) and a suggestive interaction for homocysteine (P ϭ 0.12) (16 ). The interaction for homocysteine became significant during the second 2 years of follow-up (P ϭ 0.03). The inflammatory markers C-reactive protein (CRP) and E-selectin, the thrombotic markers fibrinogen and prothrombin fragment 1.2, and hematocrit did not significantly modify HT-associated CHD risk. Although women with CRP concentrations Ͻ2.0 mg/L were not at increased risk for HT-associated CHD events [RR, 1.01 (0.63-1.62)] and those with CRP concentrations Ն2.0 mg/L were at increased risk [RR, 1.58 (1.05-2.39)], the P-value for interaction was not statistically significant (0.16) (41 ) .
In an attempt to determine the biological processes underlying the early increase in CHD events seen in the WHI and HERS trials, WHI investigators examined the impact of HT on the aforementioned biomarkers after 1 year of treatment (16 ) . These analyses included 236 cases of CHD that occurred after the year 1 visit. Estrogen with or without progestin decreased LDL and total cholesterol concentrations; increased HDL cholesterol and triglyceride concentrations; increased CRP and MMP-9 concentrations; decreased E-selectin concentrations; had no effect on IL-6 concentrations; increased plasmin-antiplasmin complex concentrations; decreased fibrinogen, plasminogen activator inhibitor 1 antigen, homocysteine, glucose, and insulin concentrations; and had no effect on D-dimer, factor VIII, prothrombin fragment 1.2, thrombinactivatable fibrinolysis inhibitor, and von Willebrand factor concentrations. However, none of the changes significantly predicted CHD risk or affected the HT-CHD association after the first year. In HERS, estrogenprogestin had similar effects on 1-year changes in lipids as was observed in the WHI, but these changes were also unrelated to risk for subsequent CHD (46 ) . Neither the WHI nor HERS analyses address the relation between very early biomarker changes (i.e., those occurring during the first weeks or months of the trial) and the strongly increased HT-associated CHD risk seen during the first year of the trials. The analyses also do not address the potential synergy of simultaneous HTinduced changes in biomarkers on CVD outcomes.
Stroke. In the WHI, several biomarkers predicted ischemic stroke risk, including LDL cholesterol, HDL cholesterol, CRP, IL-6, MMP-9, D-dimer, and thrombinactivatable fibrinolysis inhibitor (19 ) . However, only baseline plasmin-antiplasmin complex concentrations interacted significantly with assignment to HT; the interaction was in a paradoxical direction such that higher concentrations of this biomarker were not associated with risk in the estrogen-progestin group [RR, 0.32 (0.13-1.79)] but were associated with increased risk in the placebo group [RR, 7.09 (1.48 -34.03)]. Similar paradoxical trends were observed for baseline IL-6 and D-dimer. Although several biomarkers were significantly affected by HT (see preceding section), these changes did not predict stroke risk among women on HT, with one exception-an increase in D-dimer predicted a higher risk.
In a recent nested case control analysis that included 455 cases of ischemic stroke and focused on the effects of 2 additional hemostatic markers, tissue factor pathway inhibitor (TFPI) and activated protein C resistance (normalized activated protein C resistance ratio), WHI investigators found that free TFPI was a significant predictor of higher stroke risk [OR per 1-SD increase, 1.17 (1.01-1.37)] and that HT decreased total TFPI, free TFPI, and TFPI activity and increased normalized activated protein C resistance ratio levels. However, neither baseline concentrations of, nor changes in, these factors influenced the effect of HT on stroke risk (45 ) .
In-depth plasma proteome profiling studies identified ␤ 2 -microglobulin and insulin-like growth factor binding protein 4 as predictors of incident CHD and stroke in the WHI, respectively. Levels of these proteins increased following HT initiation, suggesting that these changes may partly explain effects of HT on CHD and stroke (47 ) .
VTE. In comparison to CHD and stroke, fewer biomarkers have been examined as potential modifiers of the association between HT and VTE. In the WHI estrogen-progestin trial, baseline lipids and statin use did not modify the association. In HERS, although statin use reduced VTE risk by 60%, HTassociated risks for VTE remained increased in both users and nonusers of statins (23 ) . Factor V Leiden is discussed below.
GENETIC MARKERS
Several genetic polymorphisms were examined as predictors of CHD and stroke in the aforementioned nested case control studies within the WHI (16, 19 ) . In these analyses, glycoprotein IIIa leu33pro predicted risk for CHD (but not stroke) but did not clearly modify the effect of HT on CHD risk, while variants in the genes for estrogen receptor ␤-A1730G, factor V Leiden, factor XIII val34leu, glycoprotein 1b␣-M145T, methylenetetrahydrofolate reductase, plasminogen activator inhibitor 1, integrin alpha2-807, and prothrombin 20210 did not predict risk for CHD and/or stroke nor identify women who were at greater risk for these events while on HT. In more recent analyses of WHI data, estrogen receptor polymorphisms attenuated the effect of HT on plasmin-antiplasmin, a marker of coagulation and fibrinolysis, but not cardiovascular events (43 ) . Genetic variation in the coagulation factor XIII subunit A region and in the proprotein convertase subtilisin kexin 9 region interacted with HT to affect stroke risk (48 ) . In the initial report on VTE outcomes in the WHI estrogen-progestin trial, factor V Leiden was strongly predictive of VTE and also interacted with HT to augment VTE risk (20 ) .
DELIVERY ROUTE, DOSE, AND FORMULATION OF HT
The WHI and HERS trials were limited in that they studied only 1 method of delivery, dose, and formulation of estrogen and progestin; thus, their results are not necessarily generalizable to other hormone preparations. With transdermal therapy, it may be possible to avoid the increased synthesis of clotting factors and the increase in triglycerides and CRP that may contribute in part to adverse cardiovascular outcomes. Indeed, observational studies have revealed that transdermal estrogen may be less likely than oral estrogen to precipitate VTE (49, 50 ) , suggesting that women with risk factors for VTE should choose the former route of delivery if opting for HT. Observational findings also indicate that lower doses of estrogen (one-third to onehalf of conventional doses) may be less likely to increase stroke risk (51 ) . However, evidence from randomized trials is lacking. Similarly, there is a dearth of trials on the impact of alternative hormone formulations, including "bioidentical" hormones, on clinical cardiovascular events. Although more research is needed to address these issues, it may be possible to develop individualized risk prediction models to distinguish women most likely to benefit from transdermal or low-dose HT, compared with oral HT in conventional doses, from women who should avoid any type of HT.
Future Directions and Conclusion
Exploratory analyses of an array of biomarkers and genetic variants that hold promise for risk stratification to enhance clinical decision-making regarding the use of HT are ongoing in the WHI, other randomized tri- • Lipids (serum LDL cholesterol, LDL/HDL cholesterol ratios, triglyceride levels, lipoprotein(a), 27-hydroxycholesterol, apolipoprotein levels) • Inflammatory markers (high-sensitivity C-reactive protein, interleukin-6, tumor necrosis factor alpha, leukocyte count) • Adipokines (adiponectin, leptin, retinol binding protein-4)
• Endothelial markers (E-selectin, P-selectin, intercellular adhesion molecule 1, vascular cell adhesion molecule 1) • Glucose tolerance markers (fasting glucose, insulin, homeostatic model assessment-insulin resistance [HOMA-IR], insulin-like growth factor-1, and biomarkers of metabolic syndrome) • Matrix metalloproteinases
• Hemostatic markers (D-dimer, factor VIII, von
Willebrand factor, homocysteine, fibrinogen, tissue factor pathway inhibitor or acquired activated protein C resistance) • Sex steroid hormone levels, sex hormone binding globulin level
• Genetic markers:
• Factor V Leiden
• Glycoprotein IIIa leu33pro
• Gene variants in ABO blood group
• Estrogen and progesterone receptor polymorphisms
• Gene variants related to sex hormone biosynthesis, metabolism, and/or signaling • Genome-wide association studies (GWAS) and exome sequencing for gene discovery a Reproduced from Manson (5 ), with permission from Elsevier.
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Reviews als, and observational studies (Table 4 ). Genome-wide association studies are also underway and will aid discovery of gene variants that may modify HT-associated risks. Additional clinical factors are also being examined. This review has focused on studies of potential interactive effects in relation to cardiovascular outcomes, but parallel efforts to understand factors that modify HT-associated risks for breast cancer (52, 53 ) and other diseases are also areas of active investigation. The overall benefit-risk balance of HT is complex and appears to depend on the unique clinical and biological profile of the individual user. New research suggests that it may be possible to identify women who are better or worse candidates for HT, as well as to select the optimal delivery route, dose, and formulation of such therapy, by the use of individual benefit-risk stratification. Data from the WHI and HERS trials suggest an important role for clinical characteristics, serum biomarkers, genomic markers, and gene-environment interactions in developing a personalized approach to the prediction of HT outcomes. Achieving this goal would improve the quality of healthcare for the millions of women whose lives are adversely impacted by moderate to severe menopausal symptoms.
